Changes in perfusion pressure in response to graded doses of prostaglandin F 2( , (PGF 2o ) were measured during both forward and retrograde perfusion of isolated cat lungs perfused at a constant flow rate. During forward perfusion, PGF 2Q produced a dose-dependent increase in pulmonary artery pressure and a decrease in lung fluid volume. During retrograde perfusion, PGF 2a also produced a dose-dependent increase in perfusion pressure; however, the dose required was fivefold greater than that needed to produce an identical change in pressure during forward perfusion. In addition, during retrograde perfusion, the lung fluid volume increased in response to PGF 2o . These results suggest that the major site of activity of PGF 2c , is on the arterial side of the pulmonary vascular bed and that inactivation of PGF 2 ,, by the lung occurs primarily distal to this arterial site of vasomotion. The changes in perfusion pressure in response to PGF 2<1 were markedly dependent on pH and oxygen tension (Po 2 ), being abolished by severe alkalosis and potentiated by both acidosis and hypoxia. In contrast, neither serotonin nor norepinephrine exhibited such a pH or Po 2 dependency. Since the ratio of the forward response to the retrograde response was not decreased by alterations of pH or Po 2 , their influence on the responses appears to be through interaction at the site of vascular activity rather than through alteration of the rate of prostaglandin inactivation.
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• Prostaglandin F 2a (PGF 2 ,,) is a potent pulmonary vasoconstrictor (1) (2) (3) , and its synthesis by lung tissue has been observed in vitro in several species (4, 5) . Although neither physiological nor pathophysiological roles for PGF 2(t in the pulmonary circulation have been clearly identified, it has been suggested that this prostaglandin contributes to the increases in pulmonary vascular resistance observed under certain conditions such as alveolar hypoxia (6, 7) and endotoxic shock (8, 9) . In addition, the lung, in contradistinction to most vascular beds, is perfused with systemic venous blood that may contain rather high concentrations of prostaglandins compared with those in the arterial blood perfusing most other organs (10) .
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isolated cat lungs to determine (1) the site(s) of activity and degradation of PGF 2a and (2) the interactions between pulmonary vascular reactivity to PGF 2( , and alterations of oxygen tension (Po 2 ) or pH.
Methods
The cat lung preparation that we used has been previously described in detail (11) . Twenty-one heparinized (1,000 units/kg) cats (mean weight 3.5 ± 0.8 [SD]kg) were exsanguinated through a carotid artery. The blood (150-200 ml) was then used to fill the perfusion system. Cannulas filled with physiological saline were secured in the main pulmonary artery and the leftatrial appendage. The lungs, with the heart attached, were then transferred to a temperature-controlled (37°C) perfusion chamber, and the cannulas were connected to the primed perfusion system. Blood flowed out of the lung into a reservoir open to atmospheric pressure. Pulmonary artery and left atrial pressures were measured relative to the level of the left atrium from side connections in the perfusion cannulas with Statham transducers. The blood flow was adjusted to produce a mean pulmonary artery pressure of 8-15 mm Hg with the left atrial pressure set at 0 mm Hg. This procedure provided a mean flow rate of 93 ± 15 (SD) ml/min kg" 1 which was held constant throughout each experiment. Cross connections between inflow and outflow tubing allowed rapid reversal of flow through the lung. An injection port just proximal to the cross connections permitted rapid administration of PGF to ,' serotonin, or norepinephrine during either forward or retrograde perfusion. Since the lung and the reservoir were connected in series, changes in reservoir volume reflected changes in fluid volume of the lung: these changes were detected using a pressure transducer to measure the height of the column of blood in the reservoir.
Under control conditions the lungs were ventilated with a gas mixture containing approximately 4.5% C0 2 and 15Tc 0 2 in nitrogen. This procedure maintained the blood Po 2 at 103 ± 7 (SD) mm Hg, carbon dioxide tension (PcOj) at 29 ± 2 (SD) mm Hg, and pH at 7.37 ± 0.05 (SD). Changes in alveolar and blood gas composition were brought about by ventilating the lung with the desired mixtures.
Dose-response curves to PGF 2Q were obtained during both forward and retrograde perfusion by injecting 0.1-0.3 ml of 0.9 1 * saline solution containing the appropriate concentrations of PGF 2<> . The effects of blood and alveolar gas composition on the magnitude of the pressor response to PGF 2<1 were determined while the lungs were being ventilated with gas mixtures containing various concentrations of oxygen and carbon dioxide. Thus, when the influence of pH was being determined, Po 2 was held constant at about 100 mm Hg by ventilating with 15% O 2 , whereas, when the influence of Po 2 was being determined, the pH and Pco 2 were held constant by ventilating with 4.5% CO 2 , providing a Pco 2 of about 30 mm Hg and a pH of about 7.38.
The following chemicals were used: PGF 2u (tromethamine salt), serotonin (creatinine sulfate complex, Cal Biochem), and norepinephrine (bitartrate salt, Winthrop); all chemicals were diluted to the appropriate concentration (base) so that injection volumes ranged from 0.1 to 0.3 ml. Since each lung served as its own control, the differences between means were compared using Student's t-test for differences between paired samples.
Results

PULMONARY RESPONSES TO PGF,, RETROGRADE PERFUSION DURING FORWARD AND
The rapid administration of PGF 2t , in doses varying from 0.1 to 30 ng into the afferent limb of the circuit during forward perfusion produced a dose-dependent increase in perfusion pressure (Fig.  1A ). On reversal of flow to the same lungs so that blood entered via the pulmonary veins and drained from the pulmonary arteries, administration of identical amounts of PGF 2a also produced a dosedependent increase in perfusion pressure. However, the dose-response curve during retrograde perfusion was shifted to the right of the curve obtained during forward perfusion; thus, over the parallel portions of the curves, approximately a fivefold greater dose of PGF 2Q was required during retrograde perfusion to produce the same increment in perfusion pressure as was obtained during forward perfusion (Fig. 1A) .
Since PGF 2a is known to undergo rapid inactivation on passage across the lung (12, 13), we contrasted the forward and retrograde responses obtained with PGF 2Q with those obtained with another vasoconstrictor stimulus, namely, hypoxia. In two experiments, increasing degrees of alveolar hypoxia produced a stimulus-dependent increase in pulmonary perfusion pressure during both forward and retrograde perfusion (one such experiment is shown in Fig. IB) . In contrast to the responses obtained with administration of PGF 2a (Fig. 1A) , the stimulus-response curves obtained with various alveolar oxygen concentrations showed that the retrograde curve was shifted slightly to the left of that obtained during forward perfusion (Fig. IB) .
The influence of PGF 2Q on lung fluid volume was also determined at each dose level during both forward and retrograde perfusion. Changes in fluid volume are plotted against changes in perfusion pressure produced by an injection in Figure 2A . The increases in perfusion pressure consequent to administration of PGF 2a during forward perfusion were associated with decreases in total lung fluid volume ( Fig. 2A) . During retrograde perfusion, as the pressure response increased with increasing doses, the lung fluid volume began to increase so that over most of the response range studied the lung took up fluid in response to PGF 2(> . The changes in lung fluid volume in response to hypoxia were similar to those produced by prostaglandin administration during both forward and retrograde perfusion, i.e., during forward perfusion hypoxia decreased lung fluid volume, whereas during retrograde perfusion hypoxia increased lung fluid volume (Fig. 2B) .
In all experiments in which forward and retrograde responses were compared, the control perfusion pressure and lung fluid volume were greater 7.10 ± 0.05 7.24 ± 0.07 7.37 ± 0.06 7.54 ± 0.07 8.08 ± 0.24 12.8 ± 0.4* 11.8 ± 0.7t 10.5 ± 0.6 9.8 ± 0.4 9.2 ± 0.3t
All values are means ± SE; N = 6. Data are pressures before drug injection for the experiments shown in Figure 3A .
* P < 0.02 compared with pulmonary artery pressure at a Pco, of 30 mm Hg. t P < 0.05 compared with pulmonary artery pressure at a Pco 2 of 30 mm Hg.
during retrograde perfusion. The forward and retrograde perfusion pressures were 10.4 ±1.8 (SD) mm Hg and 13.1 ± 2.2 (SD) mm Hg, respectively, and the retrograde fluid volume was 4.1 ± 1.2 (SD) ml greater than the forward volume.
EFFECTS OF pH ON PULMONARY VASCULAR RESPONSES TO PGF,,,
When a constant (1 /ig) dose of PGF 2a was administered while the pH was varied, a pHdependent response was obtained; acidosis potentiated the responsiveness of the pulmonary vasculature to PGF 2a , whereas severe alkalosis virtually eliminated it (Fig. 3A) . In four of the six experiments shown in Figure 3A , the response to a In two of the six lungs, the response to a constant dose of norepinephrine (2 and 3 ng) was compared with the PGF 2Q response. In both lungs the norepinephrine response was attenuated at an extremely alkaline pH; however, over the range of 7.1 to 7.5, pH had no influence on the response. The effect of pH on the base line or pre-PGF 2a injection perfusion pressure is shown in Table 1 .
In one lung we attempted to determine the relative roles of C0 2 and H + in the pH-dependent response of the pulmonary vasculature to PGF 2a . The CO 2 concentration of the ventilating gas was varied, producing changes in alveolar Pco 2 , blood Pco 2 , and pH. At each CO 2 level the response to 1 Mg of PGF 2a was determined. Then, with the Pco 2 at 60 mm Hg, sodium bicarbonate solution (44.6 mEq/liter) was added in steps to produce changes in pH. The response to 1 ng of PGF 2a was determined at each step. The results shown in Figure 4 indicate that the pH of the extracellular fluid, rather than the Pco 2 , was correlated with the magnitude of the PGF 2Q response.
To examine the possibility that the potentiation of the pulmonary vascular response to PGF 2a is related to inhibition of its degradation, the pulmonary vascular responses to PGF 2a at various pH levels were measured during both forward and retrograde perfusions (Fig. 5A) . The ratio of the forward response to the retrograde response did not decrease with a decrease in pH; in fact, this ratio was actually increased (P < 0.02) by acidosis.
EFFECTS OF HYPOXIA ON PULMONARY VASCULAR RESPONSES TO PGFto
The responses to a constant dose of PGF 2a (1 ^g) at various Po 2 levels are shown in Figure 3B . At a Po 2 of less than about 70 mm Hg, there was an inverse relationship between Po 2 and the PGF 2u response. The responses of the lungs to serotonin or norepinephrine were also compared at each Po 2 level. These responses were not affected by alterations in Po 2 , except for a mild inhibition at the lowest Po 2 level. The effect of Po 2 on the preinjection perfusion pressure is shown in Table 2 .
To examine the possibility that the potentiation of the pulmonary vascular response to PGF 2Q is related to inhibition of degradation, the pulmonary vascular responses to PGF 2a at two Po 2 levels were examined during both forward and retrograde perfusions (Fig. 5B) . As was the case for hypercapnic acidosis, the forward-retrograde response ratio was increased (P < 0.05) rather than decreased by hypoxia.
Discussion
Since PGF 2a is known to undergo rapid inactivation on one passage through the lungs (12, 13) , the differences in responses between forward and retrograde perfusion might be resolved in terms of spatial relationships between the site(s) of activity and the site(s) of degradation. Thus, during forward perfusion the major degradation of PGF 2( , Figure 3B .
* P < 0.001 compared with the pulmonary artery pressure at a Po 2 of 100 mm Hg. t-P < 0.01 compared with the pulmonary artery pressure at a Po 2 of 100 mm Hg. %P < 0.02 compared with the pulmonary artery pressure at a Po 2 of 100 mm Hg.
Circulation Research, Vol. 36. June 1975 occurred after it had influenced vascular tone, whereas during retrograde perfusion the converse occurred. This thesis is strengthened by the observation that the changes in perfusion pressure produced by hypoxia were not decreased by reversal of flow. Since the Po 2 was constant throughout the vascular bed in both flow directions, the strength of the hypoxic stimulus was constant. This observation suggests that hemodynamic differences between forward and retrograde perfusion (14) do not account for the dependence of the PGF 2(( response on flow direction. The changes in lung fluid volume in response to PGF 2(1 during forward and retrograde perfusion ( Fig. 2A) reinforce the interpretation that the predominant site of activity of this prostaglandin was on the arterial side of the capillary bed. Since the changes in lung fluid volume followed the same time course as did the changes in perfusion pressure and were rapidly reversed as the perfusion pressure returned to preinjection levels, the fluid volume changes must primarily represent changes in intravascular rather than extravascular volume. A possible explanation for these fluid volume changes is that during forward perfusion all doses of PGF 2a decreased lung blood volume by constricting vessels proximal to (on the arterial side of) the most compliant portion of the pulmonary vascular bed (presumably capillaries and veins). During retrograde perfusion, as the concentration of PGF 2a began to overwhelm the capacity of the lungs to metabolize PGF 2a , the constriction of vessels on the arterial side of the capillaries resulted in an increase in capillary and venous pressure, producing an increase in lung blood volume. The relationship between perfusion pressure and fluid volume during forward and retrograde perfusion was similar for the hypoxic stimulus, which is thought to act primarily on the arterial side of the pulmonary vascular bed (15, 16 ). It appears, therefore, that in the cat lung PGF 2a has its main site of activity on vessels on the arterial side of the capillaries and that degradation of PGF 2(r occurs primarily in the capillaries or veins. The interpretation that arterial constriction predominates is consistent with observations made by Kadowitz et al. on swine (1) and sheep (2) lungs.
Since hypoxia and acidosis appear to be important regulators of the pulmonary circulation, interactions between PGF 2Q and alterations of pH or Po 2 were examined. The increase in perfusion pressure in response to a constant dose of PGF 2a was inversely proportional to pH and to Po 2 below 70 mm Hg (Fig. 3) .
Circulation Research, Vol. 36, June 1975 We have not, as yet, elucidated the mechanism of the interaction of PGF 2a with pH and Po 2 . A general increase in reactivity to vasoconstrictors did not occur, since acidosis and hypoxia did not potentiate responses to serotonin and norepinephrine. A purely mechanical effect resulting from superimposition of increased tone on already constricted vessels seems to be ruled out by the same reasoning and by the observation that the potentiating effect of decreased pH was actually greater than that of hypoxia, even though the increase in perfusion pressure produced by hypoxia alone was greater than that produced by acidosis. Hypoxia and acidosis might inhibit PGF 2Q metabolism by the lung so that more of the PGF 2a is available at the site of vasoconstriction. In this case, the ratio of the forward response to the retrograde response should be decreased, because a greater portion of the injected dose would reach the arteries during retrograde perfusion. Since this ratio was not decreased, we have no reason to attribute the effect to alterations in the rate of PGF 2n degradation by the lung.
The prostaglandins have been proposed to mediate, attenuate, or amplify the vascular responses to vasoactive influences in several vascular beds (17) (18) (19) (20) . The results of the present study suggest that PGF 2tt reaching the lung via the venous circulation or even synthesized within the lung might alter the pulmonary vascular effects of hypoxia and hypercapnia.
